The establishment of new photovoltaic (PV) markets in emerging economies represents a business development opportunity for expansion outside traditional energy markets. Appropriate assessment of PV market competitiveness is thus necessary in order to inform policy and regulatory development, and in order to manage risks related to investment. This paper presents an evaluation of PV energy competitiveness using a case study of the emerging residential PV market in South Africa. Competitiveness is defined in light of the risks associated with the financial performance of domestic grid-connected rooftop PV considering the current market status together with three proposed business models, namely net-metering, net-billing, and an energy savings performance contract framework. Financial performance is evaluated in terms of a socket parity evaluation together with a discounted net cash flow analysis. Investment risk assessment was facilitated using a Monte Carlo simulation. The results indicate the highest potential profitability for the energy savings performance contract model, which includes PV system ownership by an energy services company. It is also shown that appropriate application of risk modelling has the potential to inform decisions by investors and policy makers alike that result in improved policy and business solutions that are able to support increased residential PV energy market competitiveness without the need for explicit subsidy frameworks.
Introduction
Solar photovoltaic (PV) sector growth has been showing signs of stagnation in its most mature markets. The number of new installed capacity in Europe is decreasing every year. 17.7 GW connected in 2012, 10.5 GW in 2013 and 7 GW in 2014 [1] . In this context, specific emerging 'sun belt' markets such as those of Africa and South America, offer significant PV market potential in the medium term. For these emerging markets, a key opportunity is for the deployment of PV in a low or non-subsidy context informed by lessons learned from more mature markets. However, some strong barriers for PV deployment exist in these new markets, such as a high dependence on subsidized electricity prices together with socio-economic barriers, such as poverty incidence, income inequality, political and economic instability and highly volatile inflation and interest rates. For these reasons, an appropriate assessment of PV market risk, opportunities and competitiveness is necessary in order to inform policy, regulatory and business decisions. Therefore, a fundamental question is: how may PV competitiveness in emerging markets be evaluated?
Quantifying and defining competitiveness for PV energy is challenging; comparability between past analyses is poor, methodologies are still being developed [2] [3] , and issues exist around definition of boundaries and the input parameters adopted [4] . Furthermore, the intermittent and distributed character of PV generation raises several issues related to grid-connection and predictability of the solar resource [5] . Thus, the impacts of these characteristics on the competitiveness assessment of PV are not fully explicated.
Considering the position of South Africa (SA) as a leading economy in the continent, and the nascent development of its residential PV market, SA was chosen as the target country of this research. Based on a domestic case study, this work assesses the nature of PV energy competitiveness in the residential market, and proposes business models that could be used as examples for emerging PV markets elsewhere. Therefore, the objectives of this paper are:
• To evaluate the current status of residential solar PV energy competitiveness in SA.
• To analyze and compare the performance of proposed business models for the residential PV sector in SA in order to improve or achieve its competitiveness.
• To technically assess how the uncertainties and risks of the analysis affect the competitiveness evaluation model.
• To translate the analytical results into policy strategy for deployment of the PV residential sector in SA and emerging PV markets elsewhere.
Market Assessment
The South African energy market represents a case-study for similar emerging economies. Significant challenges exist related to combining the development of a more sustainable energy supply with economic growth and energy affordability. Furthermore, the energy industry is grappling with a limited capacity of supply, a carbon-intensive mix and a high dependency on coal. The energy market in SA is dominated by the national state-owned utility company (Eskom) . Due to the lack of planning in new generation investment in the context of a rapid increase in energy demand, capacity constraints are now emerging [7] [8] . Installed capacity of about 45 GW and a peak demand of 42.4 GW, represents a narrow reserve margin (Table 2) . Eskom produces almost all of SA's electricity, and maintains a monopoly for ownership and operations of the national transmission system. Only about 2% of SA's electricity is produced by independent power producers (IPP's). Eskom's current financial situation and market domination is having a negative market impact and disincentivises new investments. Thus, energy security in SA has been seriously compromised and the country faces power shortages and load sheddings [9] . The resulting strategy is to increase electricity tariffs in an attempt to stem losses and gradually eliminate subsidies. The tariff increases have grown from a rate of 5.1% in 2006/7 to a peak of 31.3% in 2009/10, well above inflation rates. These increasing electricity prices and concerns about energy security represent an opportunity for renewable energy (RE). 
Renewable Energy in South Africa
In 2010, the Department of Energy of South Africa developed the Integrated Resource Plan [11] which proposed energy capacity expansion until 2030, showing a stronger commitment to the promotion of renewables.
Supporting mechanisms were created to stimulate an RE market, such as the Feed-in Tariff scheme in 2009 for utility-scale RE projects (REFIT). The REFIT process, however, was surrounded by high uncertainty regarding the procurement and licensing process and it was substituted two years later by the Renewable Energy Independent Power Procurement Program (REIPPP), which consists of a competitive bidding process. The REIPPP has been considered a very important case of success in supporting initial deployment of RE industry [12] . Despite all the factors that act in favour of RE implementation, such as energy supply limitation, rising electricity charges and the rapid drop in PV technology prices, together with SA's significant solar resource, all these advantages have not yet been sufficient for PV to establish equally in all different market segments, namely large utility scale, commercial and residential. Expansion of the large-scale PV market through the REIPPP program has not been matched by the commercial and residential sectors.
The current motivation for households and small to medium size businesses to have rooftop PV systems is to be able to save on electricity bills, especially considering the yearly increase of prices. In most cities in SA, injection of electricity into the grid is not allowed. Since no bi-directional energy flow exists, residential and commercial systems are restricted in size, meaning that they should be optimized to ensure maximum self-consumption. However, the feasibility of installing domestic rooftop PV systems is compromised by the high initial capital cost.
Some municipalities have procedures to facilitate connection of small-scale generators to their networks, including the City of Cape Town, eThekwini, City of Johannesburg and Ekurhuleni. Most of these are exploring pilot net-metering programs to reduce their electricity expenses and motivate consumers to invest in PV systems. In addition, South African standards are being developed for small-scale distributed PV 2 . Other financial incentives were created such as Eskom's small scale RE program as part of the Standard Offer Program, but they were put on hold due to funding constrains [14] .
Defining competitiveness
In the domestic context of this analysis, the concept of "socket parity" is adopted as one of the elements used to define PV competitiveness. Socket parity occurs when the energy generation technology's levelized cost of energy (LCOE) falls to or below the per-kilowatt-hour price charged by the utility. Once attained, it means customers can save money by generating electricity rather than purchasing it from their distributor [15] . LCOE can be defined as the cost of generation of one unit of energy (€/kWh), which means that when multiplied by the energy generated (Ei), it should be equal to the present value of the net costs (Ci) of a particular technology, where r is the discount rate, n is the total considered lifetime and i is each year of the calculation [4] :
Figure 2 -Levelized cost of energy formula
The net costs of the PV system should, when information is available, include any necessary payments for grid acces and related infrastructure. In order to have a more robust competitiveness assessment, this research considers investment risk as a key aspect of market development and PV competitiveness. This paper applies a quantitative analysis by using the Monte Carlo (MC) simulation of the risks associated with the financial performance of a PV system. Therefore, the definition of PV competitiveness applied here is when the risks associated with the PV system financial performance for a specific application are within the range of the risks the investor is willing to take.
Methodology
The assessment of PV competitiveness was via a case study approach of a single dwelling located in the city of Pretoria. The methodology followed four main steps, namely:
1. Prediction of PV system specific yield 2. Projection of PV system yield, load, and consumption profile over lifetime and system sizing 3. Socket parity evaluation and uncertainty analysis 4. Competitiveness and risk assessment considering the cases, which will further be detailed:
• Base case (PV savings)
• Net-metering
• Net-billing
• Energy savings performance contract
Data-sets
Existing data-sets were used for environmental data (Meteonorm) and domestic load profiles (Eskom National Load Program) for a whole year. The location was chosen as Pretoria in the City of Tshwane Metropolitan Municipality where no incentive policy regarding domestic PV systems has been implemented as yet. Load data was obtained from a high income (average monthly income of 20,000 ZAR, approximately 1,400 €) household assuming that this class of electricity consumers is more likely to capitalize on domestic PV systems.
Prediction of PV system specific yield
Calculations are based on a rooftop grid-connected polycrystalline photovoltaic system. Irradiation and average ambient temperature hourly data were retrieved from the Meteonorm database for Pretoria (25.445°S and 28.111°E). A typical inclination angle of 25° was assumed for the household rooftop. The PV system specific yield was calculated according to the following model:
The efficiency factor (EF) of the PV system array was calculated as follows: The factor of 0.95 accounts for 5% of losses in mismatch and cabling [16] . The cell temperature (T cell ) was estimated based on irradiation and ambient temperature:
The inverter efficiency factor (EF) was defined as:
When G > G low efficiency : EF Inverter = 97% 
Projection of PV system yield, load and consumption profile over lifetime and system sizing
Since currently there are no incentives in SA for electricity input to the grid, the residential PV system should be initially designed to maximise savings from the household electricity bill and therefore, maximize self-consumption over load.
In order to find the optimal share of self-consumption for this household, a simulation of PV generation together with concurrent consumption was performed for the whole lifetime of the system, on an hourly basis, considering a range of possible system sizes.
The PV system specific yield (kWh/kWp) was calculated as indicated previously in step 4.2. Then, for each possible system size (kWp), the total PV system yield (kWh) was estimated for the first year of operation and for the following years it is considered to dregade at a rate of 0.8% a year.
The lifetime of the system was assumed to be equal to the lifetime of the module of 25 years based on its warranty offer. Data for the residential load was obtained from the Eskom National Load Program 4 for a high income household and considered to be constant through the whole period analyzed.
The simulation of the share of self-consumed PV generation, the quantity exported to the grid, as well as electricity imported from the grid was calculated via a comparison between the PV generation and household load hourly data for every year of the system's lifetime.
When Load 1 hour > Generation 1 hour : The results are shown in Figure 3 and indicate a maximum share of self-consumption over load of 45-47% and an optimal PV system between 3kW and 6kWp. Since the financial model results can vary quite significantly according to the system size choice, the simulation is performed initially with a 5kWp system which then is subjected to a sensitivity analysis. 
Discounted net cash flow
The costs included in the model consist of the initial capital necessary to purchase all elements of a PV system: modules, inverter, balance of system (BOS) equipment and installation. The replacement of the inverter is considered every 10 years of operation, assumed based on its warranty offer.
Annual operation and maintenance (O&M) costs were estimated as 1.5% of the initial costs. In order to better reflect reality of consumer prices fluctuation in SA, an inflation rate of 6% was applied to the yearly payments of the operation and maintenance services. The inflation rate was estimated based on the average of the last 20 years and on the trend for the past 4 years [29] [30].
In the current market context, income from a residential PV system is essentially derived from the avoided purchase of electricity through self-consumption. If business models such as net-metering or FITs are in place, revenues can be achieved through sales of electricity to the grid at rates established by the local utility. Considering current legislation in SA, no sales of electricity to the grid are allowed. Thus, net revenues are defined here for every year (i) as:
Savings from the electricity bill = Electricity selfconsumed, i × Price retail electricity,i
In order to properly estimate the savings obtained via a residential PV investment, it is important to project how retail electricity prices behave during the investment period of 25 years. According to Eskom and Pretoria's municipalities reports [31] [32] [33] tariffs are planned to increase at a rate of 8% in the next five years. Although there is an expectation of increases higher than 8% for the longer future, for conservative estimates, a constant escalation rate of 8% was assumed.
Figure 4 -Electricity tariff increase for Pretoria's municipality, City of Tshwane [34]
The total annual costs from the PV system are subtracted from the total annual revenues obtained, resulting in the yearly net cash flow of the project. The NPV is calculated where CF PV SYSTEM,i is the net yearly cash flow, n is the whole investment period (25 years), r is the discount rate and i is each year of the cash flow:
For residential solar PV systems, risks include the variability in irradiation related to weather conditions, PV technical performance and market uncertainty regarding future policy on electricity rates and incentives, and module degradation rates.
The discount rate takes as reference the cost of debt (which could be the interest rate of a loan), plus a share of risk, which is decided based on the type of investment. The average lending interest's rates, reported by the World Bank [29] and the South African Reserve Bank [30] have stabilized for the past years at around 9%.
For individual investors, such as the owner of a PV system, the discount rate can be seen as the opportunity cost of this particular individual not investing the same amount of capital in projects of similar size which could bring the same or better return. In this case, the discount rate is represented by the required rate of return that this individual investor desires to obtain. Based on the interest's rates analysis, interviews with sector expert [35] and a literature review of household PV financial models in SA, a discount rate of 9% was considered. 
Risk assessment
In a study of this kind, implicit in every model input parameter are levels of uncertainty which aggregate during the analysis and compromise the validity of the outputs. Thus, before investing in a new project, it is necessary to understand the range of possible outputs considering the potential variation in the input parameters. Variability can be related to external circumstances, such as market stability and weather conditions, or also in the assumptions adopted, such as system lifetime and the PV degradation coefficient. Therefore, it is fundamentally important to perform a risk analysis to identify which assumptions and input parameters most impact the primary outputs. To this end, a risk analysis was implemented via a Monte Carlo simulation using 5,000 iterations.
For every input variable, a range of possible values and a probability distribution are defined in such a way that best express its behaviour in real life ( Table 6) . As an example, for the entry data "Increase of retail electricity price" a range of possible values was defined as the minimum being 0% (no increase at all) and the maximum being 14%. The probability distribution was chosen as a triangular distribution, meaning that 90% of the occurrences will be at least between 2-12%, which reflects the difficulty in forecasting future tariff trajectories. The simulation runs 5,000 repetitions of the calculation using random combinations of the possible entry values, based on the pre-defined ranges and probability distributions. As a result, it gives the correspondent range of outputs (in this case LCOE, NPV, IRR) associated to its number of occurrences. Therefore, it is possible to extract a mean value, which represents the most likely outcome given the variability of each input data. The mean is the one associated to the highest number of occurrences.
Socket parity
In the scope of this case study, socket parity is defined as the comparison of the LCOE costs of the residential PV system with the electricity tariffs paid by the household to the local electricity distributor. LCOE was calculated and compared to the current retail electricity price. LCOE was also calculated annually considering the yearly projected energy yield and costs. Mathematically, the LCOE is the present value of the annual LCOE.
Initially, the results indicate that from the first year of investment, LCOE is equal to or less than the retail tariff, and thus the attainment of socket parity is indicated ( Figure 5 ). The annual LCOE is apparently lower than electricity prices throughout the lifetime of the project, therefore it seems that this proposed PV residential system is potentially competitive with the retail electricity supply, thus justifying the household owner to proceed with its installation. However, a complete analysis should evaluate the level of uncertainties in the LCOE calculation.
Figure 5 -Results of the socket parity analysis for a domestic 5kWp system
The MC simulation resulted in a range of values of LCOE, with the mean equal to 0.12 €/kWh (Figure 6a ). This is higher than the current retail electricity tariff in Pretoria for households of similar levels of electricity consumption (approximately 0.10 €/kWh for a monthly consumption of 750kWh). Thus, depending on assumptions relating to the parameters analyzed, a significant degree of uncertainty exits with regards achievement of socket parity. Variations in parameters such as installed PV system cost, system yield and the discount rate all have a significant impact on LCOE (Figure 6a ). This illustrates the subjectivity of the analysis to these assumptions. For the residential PV system in Pretoria a financial model was constructed in order to carry out a discounted net cash flow analysis for four cases:
• Case 1: Savings from PV system (base case)
• Case 2: PV system with net-metering (NM) (proposed)
• Case 3: PV system with net-billing (NB) (proposed)
• Case 4: PV system with energy savings performance contract (ESPC) (proposed)
Case 1: Savings from PV system (base case)
Case 1 represents the current market status for the city of Pretoria. Benefits from a PV system are represented by the potential savings achieved in the electricity bills (i.e. via PV energy selfconsumption). The direct results of the financial model can be seen in Figure 7 . The outputs results indicate that the residential 5kWp PV system proposed in this case study may not be competitive. Payback is in approximate 16 years and the negative NPV suggests a loss in capital opportunity and therefore the project has high chances of not being profitable. (Figure 8a ) and a mean IRR of 3.3% (Figure 8b ). The high standard deviation and the negative mean NPV value indicate a high probability that the project will not be profitable, and thus this case study consists of a high risk investment.
With regards to the sensitivity of the NPV and IRR analysis to each input parameter (Figure 8c and Figure 8d ) it is possible to observe which variables represent the most significant sources of investment risk. For both NPV and IRR, assumptions related to the increase in electricity tariffs result in the most impact, and thus future electricity tariff uncertainty represents a significant investment risk for rooftop PV systems in SA.
Figure 8 -Results of Monte Carlo for NPV and IRR
Discount rate also has a considerable impact on NPV, and will vary according to each individual investor's priorities. Therefore, it should be carefully understood and applied.
Another significantly sensitive parameter is the system size, and illustrates that proper sizing of the system is necessary, given that in SA currently no schemes for gross generation or recompense for grid export of surplus electricity are currently in place. Since this is a factor for which the householder or installer has complete control of, it is possible to size the system in order to maximise self-consumption and reduce the proportion of grid export, assuming no local electricity storage capability, which is beyond the scope of this study. Fixing other variables at their initial values, Figure 9 shows the effect of system size on profitability.
Figure 9 -Sensitivity analysis for NPV and IRR considering different system sizes
NPV and IRR decrease considerably with increasing system size. Therefore, for this case, smaller installed systems can contribute to improve profitability considering the current status of support policy of residential PV systems in Pretoria.
The main conclusion for this case is that PV is not yet a competitive source of energy for the household considered, given the current unfavorable conditions in SA for connecting PV into the distribution grid. The mismatch between electrical load and PV generation profile creates a situation where surplus of electricity during peak generation and low demand is not compensated. The economic savings are limited to the share of self-consumption from the PV system and to the uncertainties associated to electricity tariffs increases. Therefore, for this case, there is not a sufficient apparent return to stimulate investment in the domestic PV sector in SA. In light of these results, the next sections evaluate potential business models that could be put in place for residential PV systems in order to minimize investment risks and improve competitiveness.
Case 2: Net-metering
Net-metering (NM) is a practice by which owners of distributed generation units may obtain value for the electricity they add to the grid. Under the NM scheme considered for this case study, whenever the PV generation of the household exceeds its electricity consumption, exported electricity is valued at the full retail tariff limited to the total household consumption. This is consistent with the recently implemented pilot NM schemes in Cape Town and Nelson Mandela Bay municipalities [43] [44].
Case 3: Net-billing
The net-billing (NB) case all the surplus of PV generated electricity, which means the precise amount of PV electricity fed into the grid at times when PV generation exceeds electricity consumption, is purchased at a set price by the local distributor. The amounts of electricity generated and consumed are compared constantly, and the utility purchases the difference when the generation is larger than consumption.
The difference between the NB and the NM case is that for NB remuneration occurs for all surplus of electricity fed into the grid at a fixed export tariff. For NM the electricity injected into the grid accounts for credits in the electricity bill after the billing period (monthly) and does not exceed the total household consumption.
This option allows local distributors to define the export tariff for the electricity injected into the grid by the PV generators, which does not necessarily corresponds to the distribution retail prices as in the NM case.
Profitability from the PV system thus depends on the defined export price of selling electricity to the grid. The calculations of NPV and IRR for this case were based on the minimum tariff necessary for NPV to be zero, which means the system will pay for itself considering self-consumption savings and revenues for the sales of the net electricity exported.
The minimum export tariff in order for NPV to be zero, was found to be 0.04 €/kWh. This represents 39% of the current electricity retail price charged in Pretoria for households consuming 750kWh/month, such as the one analyzed in this case study. As a comparison, the breakdown of the domestic supply cost by Eskom [45] can be seen in Figure 10 suggesting that such an export tariff would be less than the energy component of the current domestic tariff. Thus, this is a preliminary assessment and the definition of the export price is a process that should consider the detailed cost component of electricity charges in order to avoid creating burden to public finances and in the electricity tariffs for all consumers. At the same time, a price that is too low might not be attractive to potential PV investors. 
Case 4: Electricity savings performance contract
The fourth case analyzed in this study consists of a business model that aims to shift the risks associated to the initial capital invested by the householder to a third party represented by an Energy Services Company (ESCO), which could be owned by the utility, the municipality, a private company or by a joint venture vehicle co-owned by various stakeholders, potentially also including the householder. In the model proposed, the ESCO capitalizes on the PV system and retains ownership and responsibility for the PV system. The ESCO offers savings related to PV electricity self-use as a service to the householder. Alternatively, the ESCO could offer a competitive energy tariff for all or part of household electricity consumption that effectively shares the benefits accrued from PV-derived revenues. This arrangement fits well with electricity distributors' core competencies of asset ownership and operation, potentially generating the greatest overall value for them [46] [47] [48] .
The contract between the ESCO and the customer establishes minimum energy savings for the customers and a share of payment from the customer for the services. In this case, assuming a minimum of 40% self-consumption, the savings agreement is assumed to be 30% of total electricity costs, and then the household pays for 10% of that share to the ESCO. Since the ESCO sells the rest of the generated electricity at a retail tariff, revenues are accrued for both parties. Therefore, for this case, results can be analyzed from the perspective of the householder (Case 4.1), who benefits from the services provided by the ESCO as well as under the ESCO perspective (Case 4.2).
Comparison of business models
The MC simulation results for NPV of all business cases are presented in Table 7 . The results of the discounted cash flow analysis indicate that the base case presents a high probability of unprofitability given the assumptions used in the analysis. In contrast, the NM case presents a higher probability of a positive NPV, albeit with a large range of NPV (SD = €7.2K), indicating that the project is still subject to a degree of inherent uncertainty and resulting investment risk, although less than the base case of PV with no support scheme.
The NM case is also the case with higher projected mean IRR for the household of almost 13% (Table 8) . That is significant for policy makers, because an IRR which is too attractive could create a situation of over-demand which could result in supply-side market constraints, or undesirable impacts on the electrical distribution network due to excessive penetration of PV.
Nevertheless, this analysis illustrates the potential for NB schemes using for example variable tariffs according to time of import/export to the grid in order to incentive beneficial import/export regimes and to pride a service to the local distribution network operator. It could also represent a low-cost mean for distributors to absorb higher penetrations of PV residential systems without the need for extra infrastructural investment and therefore fewer burdens to public and end-users finances. n/a n/a n/a n/a The simulation for the NB case results in a probability of lower financial returns than the NM case; however NB still represents a more positive risk outlook than the base case (Case 1). For this reason, the NB business case could be a possible solution in order to implement an electricity exchange model, similar to NM, which represents more moderate return to the system owner with more control of revenues and expenses for the distributor.
Of note is that these three cases have significant distributions of NPV and IRR values, including a 5% probability of a negative outcome for NB. This is due to a high dependency on external factors, principally the uncertain dynamic increase in retail electricity tariffs, together with future export tariffs.
A sensitivity analysis of NPV for the NB case ( Figure 11 ) indicates that variations in the export tariff results in a minimal effect on NPV; it is the increase in retail electricity tariffs that determine the extent of profitability. The results show that the electricity tariff escalation rate determines the largest influence on the project's financial feasibility. For the current study, the electricity export tariff is assumed to be the calculated value of 0.04 €/kWh, with a range following a normal distribution as presented in Table 9 . Finally, the ESPC case results in potential electricity bill savings for the household as part of an energy service provided by the ESCO, whilst reducing risk from the householder's perspective. For the customer, risks are less dependent on external factors and profitability is mainly dictated by the contract guarantees of the services provided by the ESCO. Since the customer does not retain ownership of the PV asset, capitalization risk is not assumed. All projected NPV values are positive for this case. Furthermore, in this business model, the customer is protected from possible system failures and changes in electricity price policy.
From the ESCO perspective, Table 7 shows that the ESCO, who owns and control the system now assumes a greater share of risks. However, the transfer of capitalization risks from the household to the ESCO also implies that returns can be significant higher for the ESCO. While the mean NPV for the household is of 4,962.00 €, that for the ESCO is significantly greater (8, 772 .00 €), albeit involving a higher degree of risk. A key aspect associated with all business models is that they can benefit the local distributor as well as the household, thus supporting the market's financial sustainability. For all cases, the dynamic increase in retail electricity tariffs and system size are the key determining factors for achieving profitability.
Considering the base case, which represents returns based on the current policy status for PV in SA, systems installed at the present time tend to be sized in order to maximize self-consumption over generation, since there is no remuneration for exported electricity. Thus, the current policy represents an unfavorable scenario for potential residential PV system investors; however, PV can still bring savings if the system is designed optimally. Figure 13 analyses the variation in NPV resulting from different system sizes. For the base case (without support) and Case 3: NB 7 , increased probabilities of profitability are indicated for smaller systems that operate primarily for supplying household base load and that avoid surplus electricity export. Case 3: NB has slightly higher revenues because surplus electricity is purchased by the distributor at a pre-defined rate; however, revenues are not enough to compensate for the higher initial cost of a larger system.
Figure 13 -Sensitivity analysis for NPV according to system size variation for all cases
Case 2 (Net-metering) follows the same trend but the maximum NPV is achieved for larger systems than for Case 3 (NB). Maximum NPV occurs at the point that compensation in electricity costs reaches the maximum share possible of total household demand. The expenses related to larger systems are not compensated by the electricity bill savings, resulting in a surplus of electricity that has no useful purpose for the PV owner since it will be exported without recompense.
For Case 4.1 (ESPC/Household) and Case 4.2 (ESPC/ESCO), profitability varies with system size. Assuming that contract conditions are the same regardless of the system size 8 , profitability is likely to happen for both household and ESCO and profits increase proportionally with system size. This analysis illustrates the imperative for the timely and effective implementation of a residential PV market framework in SA. A support strategy designed to favor PV installations sized for maximizing self-consumption over generation could result in loss of revenues for local distributors, whilst the continuation of the current policy status means little or no benefit for local distributors. If business models such as an NM, NB or ESCO framework were implemented, expansion of the PV market could in contrast represent a source of revenues for the local electricity distributors. Furthermore, systems designed to maximize savings could be a disadvantage when if business models which promote electricity trading are subsequently implemented.
It is apparent that risk for householders is reduced by a commitment from the local distributor or ESCO to purchase surplus electricity generated by the PV system. As for the local distributor or the ESCO, this purchase could be planned as an investment of expanding capacity of supply using a reliable and sustainable source of energy, or even as a distribution network infrastructure cost deferral mechanism, especially if the distributor or the ESCO retains ownership and control of the assets, and a 'smart' implementation of time-of-use tariffs or active export control technology is utilized. This ESPC business case analysis also serves as a basis for more detailed further investigation, for example, of shared ownership and control or leasing arrangements between household and ESCO. 8 Assumption adopted in order to keep comparability, although it is likely not to be true as contracts between households and the ESCO's will vary according to system size.
The risk assessment for each business case shows that it is possible to mitigate household PV investment risks by establishing appropriate business practices, such as the case with NM and ESPC models. Furthermore, for business models that are less exposed to externalities, such as increases in retail electricity rates and export tariffs, investment risk is mitigated and thus facilitating more competitive PV market penetration in the residential sector. The analysis also shows that PV energy market competitiveness can be engendered by business models that do not involve explicit subsidies. However, since residential PV is not yet part of conventional business models for electricity trading, it requires the creation of appropriate mechanisms in order to contribute to an increase in PV penetration in the market.
Conclusions
A methodology for analyzing competitiveness of PV for the residential sector in South Africa has been presented in this work. This consists of evaluating investment risks using the concept of socket parity and a probabilistic discounted net cash flow analysis using Monte Carlo modelling.
The subsequent risk analysis for a case study household using a range of business models defines the probabilities of PV profitability for each of these models. The model also acts as a domestic sector PV policy decision support tool that clarifies specific solutions for managing risks. This is especially of value to policy makers when designing mechanisms to reduce the major sources of risk, assuming that there is political will to support domestic PV.
The application of the methodology in a case study on the current status of residential PV competitiveness in South Africa indicates that the market is on the threshold of attaining socket parity; however, the financial risk assessment show that the high level of uncertainties associated to such an investment potentially discourages household investors. Therefore, the level of PV market competitiveness may be considered as low in the current residential PV segment in South Africa due to the high associated investment risks.
The risk and uncertainty analysis also shows that financial performance of a residential PV system in South Africa is highly sensitive to future electricity tariff price trajectories and to system size. For the current policy context in which no remuneration is given for exported electricity to the grid, the analysis suggests that the PV system should be designed to maximize self-consumption over PV system generation.
Three new business models are proposed in order to improve the domestic PV market competitiveness: Net-metering; Net-billing; and Energy Savings Performance Contracts. The financial performance and risks for each case were analyzed and of all models evaluated, the Netmetering and the Energy Savings Performance Contracts presented relatively high probabilities of improving PV competitiveness in South Africa. An Energy Savings Performance Contract model presents even greater potential due to the transfer of capitalization risk from the householder to a third party more capable of managing this type of risk.
From the analysis it is possible to observe that risk assessment can help formulate decisions for both investors and policy makers in order to offer improved business solutions. Business models designed with the purpose of minimizing investment risk for both households and electricity distributors are likely to be more financially sustainable and improve the long term competitiveness of the residential PV market, and such pioneering businesses models may be seen as necessary to create successful market-driven solutions for the deployment of PV in the residential sector in emerging markets such as South Africa. Given that the context for PV technology implementation is changing rapidly, with reducing system costs, improved performance and the diffusion of smart meter technologies, there are opportunities for governmental authorities, market players and other stakeholders to avoid the need for excessive or long term subsidy frameworks which can cause burden to public finances, and instead move to business models that are self-sustaining financially and thus more attractive to all stakeholders.
Recommendations for strategy development in emerging PV energy markets
• Current and future policy frameworks for the expansion of PV capacity should recognize distributed generation within the residential PV market as a reliable and clean source of energy within the wider generation mix. Households with the ability of producing surplus electricity via domestic PV systems are therefore both consumers and valuable producers of electricity -namely 'prosumers'.
• New policy frameworks should be tailored to create favorable conditions for innovative market practices aimed at reducing investment risks for key stakeholders in the residential PV energy market.
• It is possible in markets such as South Africa to move away from residential sector PV subsidies to more market oriented frameworks in the short term.
• Stakeholders such as electricity distributors should be the leaders of residential PV market growth as there is significant potential for increasing revenues if PV is considered to be integral with the provision of energy services. The design of new business models considering PV system transfer or shared ownership between household and local distributor could provide significantly reduced risks for both parties.
• Innovative market solutions should be supported by governmental policy for an innovation industry through research and development on the economics of RE technologies.
• High income customers are likely to be 'early adopters' of PV as they represent the demographic that are willing and able to afford investment risks initially. Since they also represent the category of customer that spends the most on electricity.
• Without the strategic implementation of an intelligent market model, this means a loss of a potential new revenue stream for distributors. If this is the case, any increase in electricity prices will most likely affect lower income households in SA.
• Energy savings performance contracts could benefit lower income households not only in terms of financial savings but allowing the possibility access to more affordable electricity supply and therefore supporting quality of life improvement.
